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SPECIFICATION 

1. Title of the invention 

POffBft TRANSMISSION SHATT 

2. WHAT IS CLAIMED IS: 

1. A power transmission shaft comprising: a cylindrical body; 
and synthetic resin portions which are located inside and outside 
the cylindrical body, and which are integrally provided with the 
cylindrical body, wherein the synthetic resin portions located 
inside and outside the cylindrical body are continued to each other 
through through-holes provided in the cylindrical body, and the 
synth tic resin portion located outside forms a power transmission 
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portion in the vicinity of the through-hole. 

2. The power transmission shaft according to Claim 1, wherein 
the power transmission portion is one or more t»h«n two kinds of 
cams, gears, rollers, or pulleys. 

3. The power transmission shaft according to Claim 1, wherein 
the cylindrical body is made of metal. 

4. The power transmission shaft according to Claim 1, wherein 
the synthetic resin portion located inside the cyl-indricai body 
fills the whole space in the cylindrical body. 

5. The power transmission shaft according to Claim 1, wherein 
a cavity portion is provided in the synthetic resin portion located 
inside the cylindrical body. 

3. DETAILED EXPLANATION OF THE INVENTION 

The present invention relates to a power transmission shaft 
using synthetic resin which is strong in composition, and is easily 
manufactured. More specifically, the present invention relates to 
a power transmission shaft comprising: a cylindrical body; and 
synthetic resin portions which are located inside and outside the 
cylindrical body, and are integrally provided with the cylindrical 
body, wherein the synthetic resin portions located inside and 
outside the cylindrical body ar continued to each other through 
through-holes provided in the cylindrical body, and the synthetic 
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resin portion located outside cylindrical body structures a ppwer 
transmission portion in the vicinity of the through-holes. For 
many types of machines or electrical products, a power transmission 
shaft in which one or plural kinds of cams, gears, rollers or pulleys 
are integrally provided on a shaft, is used. Recently, for these 
materials, synthetic resin materials, which, are light in weight, 
and excellent in molding property, are widely used. That is, the 
shaft is structured of synthetic resin, or so-called power 
transmission portion such as cams, gears, rollers, or pulleys, 
which are also made of synthetic resins, are independently provided 
on a metallic shaft, or further, the shaft and the power transmission 
portion are continuously and integrally insert -molded of synthetic 
resins. The power transmission portion is engaged with other 
components and are always subject to power. Accordingly, when a 
power transmission portion is independently provided on the shaft, 
the power transmission portion tends to inevitably be loosened with 
respect to the shaft after a long time of use, and therefore, a 
long period of time and much cost are required for conpletely solving 
this problem. Further, when the whole shaft is structured by 
insert -molding of synthetic resin, the shaft is inevitably somewhat 
distorted due to the difference of contraction between resin and 
the central rod, or the shape of detent members or positioning 
members. Further, there is a possibility that the central 
reinforcement rod is shifted from the center due to injection 
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pressur at the time of molding. Thus, when these assemblies are 
used, vibration results during rotation, which is of course 
unacceptable. In such case, any of the above 3 conventional types 
of products is not satisfactory for practical use, and the 
improvement of these products was eagerly awaited. 

The present invention has been accomplished to provide a 
power transmission shaft, structured of synthetic resins, which 
selves the above problems of the conventional products. 

Referring to the drawings, the present invention will be 
detailed below, however, the present invention is not limited to 
the specific following examples. 

Figs. 1 and 2 show a power transmission shaft (1) integrally 
provided with a cam, which is composed of an aluminium cylindrical 
body (2) and a synthetic res in portion (3) located inside and outside 
the cylindrical body. The synthetic resin portion (3a) located 
inside the cylindrical body (2) and the synthetic resin portion 
(3b) located outside the cylindrical body (2) are continuous with 
each other through through-holes (4) and (4), provided facing the 
cylindrical body(2). The synthetic resin portion (3b) located 
outside the cylindrical body (2) structures a power transmission 
portion, composed of a base portion (5) , and a triangular cam (6) 
continuous with the base portion. Numerals (7) and (7') are 
respectively a slide-movement portion, and the slide-movement 
portions (7) and (7') are also continuously and integrally provided 
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with the synthetic resin portion (3 ) . A cut-out (8) for rotational 
driving force transmission is provided in the slide-movement 
portion (7') . 

Referring to Fig. 3, a production process of the power 
transmission shaft (1) will be described below, along with 
advantages, in the production process of the present invention. 

A fixed mold and a moving mold are commonly used in injection 
melding. Initially, the cylindrical body (2) is mounted in the 
fixed mold, and next, the moving mold (A') (not shown in the drawing) 
is mounted from the lower side of the drawing so as to coincide 
with the mold (A) . Symbol (B) represents a cavity which forms the 
slide-movement portion (7), symbol (C) represents a cavity to 
structure the power transmission portion, numeral (4) is a 
through-hole of the cylindrical body, and symbol (D) is the 
injection port for the fused synthetic resin. When the fused 
synthetic resin is injected through the injection port (D) , the 
fused synthetic resin flows through the through-hole (4) and forms 
the power transmission portion, together with the slide-movement 
portion (7) and the synthetic resin portion (3a) . In the thus 
obtained power transmission shaft (1), the cylindrical body, the 
inside synthetic resin portion, which is a shaft core, the power 
transmission portion, and the slide-movement portion are 
integrally formed, resulting in an excellent production operation 
property, in injection molding. 
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Further, when the fused synthetic resin is injected, high 
pressure is applied onto the cylindrical body from the inside, 
however, almost all portions are in contact with the inner surface 
of the mold, so that it is not deformed. Due to this, it is not 
necessary to rigidly structure the cylindrical body to resist the 
pressure of the injected resin,, and thereby,, a relatively low cost 
thin-walled pipe can be used. 

Further, synthetic resin has large thiermal contraction 
characteristics, however, the inside synthetic resin portion is 
continuous with the outside synthetic resin portion through the 
through-holes and is fixed. Accordingly, the contraction in the 
longitudinal direction of the cylindrical body, which is the most 
serious concern, is suppressed. Further, the outside synthetic 
resin portion is independent, and small-sized, and therefore, the 
contraction is small. Accordingly, a power transmission shaft is 
obtained which is excellent in dimensional accuracy, and this 
method is also very easy in molding technology. 

Further, when the slide-movement portion is also integrally 
molded, all d imen sional errors of the cylindrical body are absorbed, 
and products having excellent dimensional accuracy are obtained. 

Aluminum material, copper material , or soft copper material 
can be used as the cylindrical body (2) , or a heat hardening, or 
heat resistiv r sin pipe can also be used. However, a metallic 
material is preferable because of excellent rigidity, and excellent 
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h«ar r»« Activity during molding . Aa resia conatituuiuy Liie 
synthetic reoin portion (3) , general purpose resins such as 
polypropylene resin, polyethylene resin, or the like, or all 
thermo-plastic resin such as polyacethal resin, nolyl resin, or 
the like, can be used. 

Referring to the large diameter shaft, in Pig. 2, the dotted 
portion of the inner synthetic resin may be structured as a cavity, 
in such a structure, a lighter shaft can be obtained, and further, 
the amount of resin can be reduced. In production molding, it is 
molded using a slide pin. 

Fig. 4 shows another example of a portion through which the 
synthetic resin located inside and that located outside the 
cylindrical body are continuous with each other, in which an edge 
portion (9) of the through-hole (4) of the cylindrical body (2) 
rises and protrudes into the outside synthetic resin (3b) . In this 
structure, a power transmission portion composed of the outside 
synthetic resin portion (3b) is more firmly provided onto the 
cylindrical body (2) , compared to the structure shown in Fig. 2. 
Fig. 5 shows a simple round through-hole (4) (generally 1 - 5mm0) 
provided in the cylindrical body (2) shown in Fig. 2 . Fig. 6 shows 
the through hole (4) in Fig. 4, in which the former is formed into 
the round-shape, and the later is formed into an approximately 
•♦•shape. TJiat is, in the later through hole, when the resin flows 
from th inside of the cylindrical body (2) to the outside through 
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Che through-hole (4) under high pressure, (normally, the pressure 
of the fused synthetic resin in injection molding is 250 - 600kg/cm 2 ) , 
so as to form the structure of the outside synthetic resin portion 
(3b), the edge portions (9) of the through-hole (4) are raised by 
the pressure. Figs. 7, 8 and 9 respectively show other examples 
of the through-hole (4) structured so that some of the edge portion 

(9) rises. However, it is not preferable that the cutout portion 

(10) becomes long in the circumferential direction, because the 
strength of the cylindrical body is reduced. A through-hole (4) 
shown in Fig. 9 is opened when the resin is injected. Incidentally, 
as described above, the shape of the raised edge portion (9) is 
formed in molding, however, it may be simultaneously provided when 
the through hole (4) is punched. Figs. 10, 11 and 12 respectively 
show the power transmission portion composed of gears (11) , rollers 
(12), and a pulley (13). Fig. 12 shows a brush body (.14) 
simultaneously provided in the molding, which is used for car 
washing, or the like. Other than these, the power transmission 
shaft may also be structured in the worm-like. Further, in order 
to obtain the desired power transmission shaft, a plurality of the 
same kinds of power transmission portions, or different kinds of. 
power transmission portions, may be provided. 

Fig. 13 shows a condition in which two power transmission 
portions are structured by the synthetic resin flowing from a pair 
of through-holes (4) and (4) . Of course,. this type of structure 
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is also included within the present invention in which so-called 
power transmission portion is provided in the vicinity of the 
through-hole. 

Herein, for reference, the specification of dimensions and 
materials of the power transmission shaft shown in Figs. 1 and 2, 
will be shown. 

(A) Specification of the material 
Synthetic resin: polypropylene 
Cylindrical body: aluminum extruded pipe 

(B) Dimensional specification 

Overall length: 200mm 
Outer diameter of the shaft: 15mm0 

Thickness of the peripheral wall of the cylindrical body: 
Through-hole diameter: ' 2mm0 

Length of the power transmission portion (cam) corresponding 

to "a* in Fig. 1: lOOxom 
Thickness of the power transmission portion (cam) : 

IQmm ■ 

The present invention is structured as described above, and 
a power transmission shaft is easily produced. The power 
transmission portion is continuously and integrally provided with 
the shaft. Thereby, it is not necessary to separately assemble the 
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power transmission portion on the shaft, and the power transmission 
portion is not loosened with a long pime use. Further, a 
cylindrical body is used as the main framework, thereby, the shaft 
is not distorted. Still further, a central rod for reinforcement 
which tends to shift, is not used, and thereby, desirable rotation 
can always be carried out. 

4 = BRIEF DESCRIPTION GF THE DRAWINGS 

Fig. 1 is a perspective view of an example of the present 
invention. 

Fig. 2 is a vertical sectional view of Fig. - 1. 

Fig. 3 is a front view showing a condition of production, 
in which detailed portions are omitted. 

Pig. 4 is a sectional view o£ another exanple of a 
through-hole portion. 

Figs . 5 through 9 are plan views showing other exaaples of 
the through-hole. 

Figs, 10, 11 and 12 are perspective views showing other 
exairples of the present invention. 

Fig. 13 is a sectional view of another example of a power 
transmission portion. 
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(1) . . .Power transmission shaft 

(2) . . .Cylindrical body 

(3) . . .Synthetic resin portion 
(3a) . . .Synthetic resin portion located inside the 

cylindrical body 

(3b) . . .Synthetic resin portion, 
cylindrical body 

(4) . . .Through-hole 
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AMENDMENT 

27 July 1982 

2. TITLE OP THE INVENTION: 

POWER TRANSMISSION SHAFT 

? . OBJECTS OF AMENDMENT 

Columns of DETAILED DESCRIPTION OF THE INVENTION, and BRIEF 
DESCRIPTION OF THE DRAWINGS, and drawings 
8. CONTENTS OF AMENDMENT 

Contents of amendment 

(1) "Figs. 10 and 11 is used for car washing, or. the like.' 

in lines 12 - 16 on page 8 of the specification, is amended to "Figs. 
10 and 11 show that the power transmission portion are respectively 
composed of gears (11), and of rollers (12).*. 

(2) »Fig. 13' in the first line on page 9 of the specification 
is amended to "Fig. 12'. 

(3) "Figs. 11 and 12 sectional views.' in lines 12 - 14 on 

page 10 of the specification, is amended to *Fig. 11 is a perspective 
view of another example of the present invention. Fig. 12 is a 
sectional view of another example of the power transmission 
portion.' 
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(4) Fig. 1 and Fig. 2 of the attached drawings are amended as 
shown on another sheet. 

(5) Fig. 12 in the drawings is deleted, and is replaced with Fig. 
13. 
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Patent Specification 

1 . Title of the Invention POWER TRANSMITTING SPINDLE ASSEMBLY 

2. Claims 

(1) A power transmitting spindle assembly comprising a cylindrical body and 
synthetic resin units made integral with said cylindrical body and located 
inside and outside said cylindrical body, said synthetic resin bodies that are 
located inside and outside said cylindrical body being connected to said 
cylindrical body by means of through holes, said synthetic resin unit located 
outside said cylindrical body having a power transmitting portion that is 
located in a close proximity to said through hole. 

(2) A power transmitting spindle assembly of claim 1 , wherein said power 
transmitting portion comprises either one or more than one of the following: a 
cam, a gear, a roller, or a pulley. 



(3) A power transmitting spindle assembly of claim 1 , wherein said cylindrical 
body is made of a metal. 

(4) A power transmitting spindle assembly, wherein said synthetic resin unit 
that is located inside said cylindrical body extends over the entire interior 
space of said cylindrical body. 

(5) A power transmitting spindle assembly of claim 1 , wherein said synthetic 
resin unit that is located inside said cylindrical body extends over a portion of 
the interior space of said cylindrical body. 

3. Detailed Description of the Invention 

The present invention relates to a power transmitting spindle assembly that 
has a synthetic resin in its structure, features a high structural strength and is 
easy to manufacture. More specifically, it deals with a power transmitting 
spindle assembly comprising a cylindrical body and synthetic resin units made 
integral with the cylindrical body and located inside and outside the cylindrical 
body, the synthetic resin bodies that are located inside and outside the 
cylindrical body being connected to the cylindrical body by means of a through 
hole, the synthetic resin unit located outside the cylindrical body having a 
power transmitting portion that is located in a close proximity to said through 
hole. 

Various machines and electrical appliances make use of one or several types 
of power transmitting spindles, and such spindles comprise a shaft that can 
have cams, gears, rollers, pulleys, etc., integral therewith. Recently such 
spindle assemblies make a wide use of synthetic materials allowing weight to 
be substantially reduced while, at the same time, it is possible to have any 
desired shape. With such a construction the entire shaft portion can be made 
of plastic, or the so-called power transmitting portion comprising a cam, gear, 
roller or pulley can be made of a synthetic resin and connected to the shaft as 
an independent unit, or the power transmitting portion and the shaft portion 
can be connected through an insert made of a synthetic resin. Since the 
power transmitting portion is used as a part that usually transmits power 
through engagement with other parts, with a power transmitting portion made 
as a separate component, its connection to the shaft can easily get loose after 
a prolonged use. In order to ensure a complete contact over the entire 
surface, much time and labor must be spent during assembly. Furthermore, in 
the event the entire spindle is used as a synthetic resin in-cast member, 
excessive deformations occur due to a difference in shrinkage coefficients 
between the central portion and the rest of the resin so that they would shift 
with respect to each other. A central reinforcing part is shifted by high 
injection molding pressure from its central position. This causes vibrations 
during rotation. The above three types of conventional devices cannot be, 
therefore, regarded as satisfactory, and ther is enough room for improvement. 
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The present invention is aimed at bringing solution to the above problems and 
provides a power transmission spindle assembly making use of a synthetic 
resin in its construction. 

Figs. 1 and 2 illustrate a power transmitting spindle assembly 1 made integral 
with a cam. The assembly consists of an aluminum cylindrical body 2 and a 
synthetic resin unit 3 located inside and outside cylindrical body 2. A synthetic 
resin unit 3a located inside cylindrical body 2 and a synthetic resin unit 3b 
located outside cylindrical body 2 are interconnected by means of through 
holes 4 that are diametrically opposed to each other in cylindrical body 2. 
Synthetic resin unit 3b located outside consists of a base portion 5 and a 
triangular cam 6 connected to base portion 5. Slide portions are shown at 7, 7' 
and are also integral with synthetic resin unit 3. On the other hand, slide 
portion 8' has a slot 8 for a rotary power transmission connection. A process 
for the manufacture of the above power transmission assembly 1 will now be 
described with reference to Fig. 3, and the gist of the invention will become 
apparent from the disclosure of the procedure for making the assembly 
according to the invention. 

In the injection molding process, a stationery half-mold and a movable half- 
mold are used. Cylindrical body 2 is first put into the stationery half-mold (A). 
The movable half-mold (A') (not shown) is then closed upon the stationary half- 
mold. B denotes a molding cavity used for molding slide portion 7. C denotes 
a molding cavity for molding the power transmitting portion. Shown at 4 is the 
hole, and D is for an injection orifice for the injection of a molten synthetic 
resin under pressure. When a molten synthetic resin is injected into the mold 
through injection orifice D, resin flows through slide portion 7 and synthetic 
resin portion 3a and passes through hole 4 to form the power transmitting 
portion. As a result of injection molding, the cylindrical body, the inside 
synthetic resin unit that forms the core part of the spindle, the power 
transmitting portion, and the slide portion are made as an integral unit so that 
the manufacturing process proves to be very productive. Furthermore, during 
the injection molding of a molten synthetic resin, a high pressure is applied 
from the inside to the cylindrical body. However, as the major part of the 
cylindrical body engages the inner surface of the mold, it does not undergo 
deformation. Therefore, there is no need to reinforce the cylindrical body to 
resist to the synthetic resin pressure, and a comparatively inexpensive thin- 
walled pipe can be used as the cylindrical body. 

It should be also noted that the synthetic resin unit is subject to a substantial 
thermal shrinkage. However, as the synthetic resin unit located inside is 
connected to the synthetic resin of the outer portion of the assembly through 
the hole the rigidly is preserved. Therefore, this structure will resist the axial 
shrinkage of the cylindrical body that is most unfavorable. As far as the 
outside located synthetic unit is concerned, it is small in size and will, 
therefore, have a respectively small shrinkage, whereby the assembly as a 



whole can be made with a good dimensional stability so that it can be easily 
manufactured. 

The slide portion is made integral with the assembly, and it compensates for 
dimensional inaccuracies of the cylindrical body because it can be made to a 
precise dimension. 

Apart from aluminum, cylindrical portion 2 can be made of copper, mild steel, 
etc. It can also be made of a hardenable and thermally resistive resin pipe. 
However, metal is preferred from the point of view of an excellent rigidity and 
heat resistance during molding. Resins suitable for the manufacture of 
synthetic resin unit 3 include polypropylene, polyethylene or similar 
conventional resins, as well as polyacetal, noryl and similar thermoplastic 
resins. 

With reference to the diametrical size as shown in Fig. 2, a portion of inside 
synthetic unit 3a thaiis shown with dotted line can be made hollow. This 
allows a weight reduction of the assembly. Apart from that, resin is saved with 
this method, and this resin can be used for forming the slide portion. 

Fig. 4 illustrates another embodiment of a portion connecting the inside and 
the outside synthetic resin units. In this embodiment, hole 4 of cylindrical body 
2 have its edges received in outside unit 3b. This construction imparts a 
greater strength to the connection of cylindrical body 2 to the power 
transmitting portion through the intermediary of outside synthetic resin unit 3b 
as compared to the embodiment shown in Fig. 2. In the embodiment shown in 
Fig. 5, through hole 4 of about 1 to 5 mm in diameter is formed in cylindrical 
body 2 of Fig. 2., and Fig. 6 shows an embodiment with through hole made as 
in Fig. 4. Compared to the former hole, that is circular, the latter has a cross- 
shaped configuration. More specifically, in the latter case, high pressure 
(normally 250-600 kg/sq. cm) is supplied from the inside to the portion 
corresponding to outside unit 3b, and resin moving through hole 4 bends edge 
9 outwardly. Figs. 7, 8 and 9 illustrate other embodiments that have different 
configurations of through hole 4 formed by bending out the edges 9 of the hole. 
Longitudinal cuts across the hole are undesirable as they reduce strength of 
cylindrical body 2. Hole 4 shown in Fig. 9 is opened up during the injection 
molding. The above holes are formed by bending out edges 9, however, the 
edges can be bent simultaneously with punching of hole 4. Figs. 10 and 1 1 
show a gear 1 1 and a roller 12 that function as power transmitting portions. If 
necessary, the power transmitting assembly can be made as a worm. Thus the 
power transmitting spindle assembly can be obtained in any useful 
configuration with various power transmitting portions. 

Fig. 12 shows an embodiment of two power transmitting portions made of a 
synthetic resin injected through a group of holes 4, 4. It is understood that any 
power transmitting portion in such a construction that is located in the vicinity 
of the holes will fall within the scope of the present invention. Given below for 



reference are specific dimensions and materials to be used for power 
transmitting spindle assemblies shown in Figs. 1 and 2. 



(a) Material 
Specifications 

(b) Dimensional 
parameters 



Synthetic resin 


Polypropylene 


Cylindrical body 


Extruded aluminum pipe 


uverau lengrn 


<£uu mm 


Shaft diameter 


15 mm 


wan tnicKness ot 


1 mm 


cylindrical body 




Hole diameter 


2 mm 


Dimension a of cam 


100 mm 


(power transmitting 




portion of Fig. 1) 




Cam thickness 


10 mm 



As shown above, the present invention facilitates the manufacture and 
provides an integral rigid connection for a power transmitting assembly. 
Therefore, the assembly can be used for a long time without any installation of 
separate parts thereof and without component parts thereof becoming loose. 
As only the cylindrical part is a sliding part, the assembly does not have 
strains. Furthermore, there is not danger of a change in position of parts 
without any reinforcement, and torque is reliably transmitted. 



4. Brief Description of the Drawings 

Fig. 1 is perspective view of a device made in accordance with the present 
invention. 



Fig., 2 is a longitudinal section view of the device shown in Fig. 1 . 
Fig. 3 is a schematic view illustrating the manufacturing process. 
Fig. 4 is a sectional view illustrating an embodiment of the hole. 
Figs. 5 through 9 are top views showing different configurations of holes. 



Figs. 10 andl 1 are perspective view illustrating devices according to further 
embodiments of the invention, and Fig. 12 is a perspective view of another 
embodiment of a power transmitting spindle assembly. 

1 power transmitting spindle assembly 

2 cylindrical body 

3 synthetic resin unit 

3a synthetic resin unit inside the cylindrical body 

3b synthetic resin unit outside the cylindrical body 

4 through hole 

Formal amendments 
May [illegible] 27,1982 
Commissioner of Patents 

1 Case Patent Application 192562/1981 

2 Title of the Invention: Power transmitting spindle assembly 

3 Amendment submitted by: 
Relation to the Case - Applicant: 

Mikuni Plastics Co., Ltd. 
18-3-14, Yodogawa, Osaka 

4. Representative: 



5 Amendment Order date 

6 Number of inventions increased through amendment 

7 Object of amendment: Section "Detailed Description of the Invention" and 
"Brief description of the Drawings" and the drawings proper 

8 Contents of amendments See a separate sheet 



Contents of Amendments 
{Translator's Note} 

The amendments have been incorporated in the body of the translation and 
mainly consist of replacement of Fig. 12 with Fig. 13 and the disclosure 
connected therewith. Note: The amendments per se are not translatable as 
they represent pieces of Japanese sentences. 

Figs. 1 and 2 are amended as shown in a separate sheet. 

Fig. 12 was removed, and former Fig. 13 was used to replace it under number 
12. 



